

























































































η2p	Gorham	 df(1,49)	 	 	 	 	 	Free	Response	 7.61	 .008	 .13	 **.26	 **.15	 .06	Multiple	Choice	 7.41	 .01	 .13	 **.25	 **.15	 .05	D-KEFS	 df(1,33)		 	 	 	 	Free	Response	 23.60	 <.001	 .42	 **.29	 **.41	 **.38	Accuracy	 24.42	 <.001	 .43	 **.30	 **.42	 **.40	Abstract	 12.44	 .001	 .27	 *.13	 **.27	 **.22	Multiple	Choice	 1.48	 .23	 .04	 --	 --	 --	
Note:	AgCC	=	participants	with	agenesis	of	corpus	callosum;	VCI	=	verbal	comprehension	index;	FANL-C	=	Familiar	and	Novel	Language	Comprehension	task.		
P	values	for	primary	variables	are	adjust	for	multiple	comparisons.		**p	<	.01;	*p<.05.			 For	both	free-response	and	multiple-choice,	covarying	verbal	comprehension	(VCI	and	age)	increased	the	effect	size	of	group	differences.		The	group	differences	also	remained	for	both	free-response	and	multiple-choice	when	covarying	literal	language	comprehension	from	the	FANL-C,	with	essentially	no	change	in	effect	size.	However,	the	group	differences	for	both	free-response	and	multiple-choice	were	reduced	to	weak	trends	when	controlling	for	non-literal	scores	on	the	FANL-C	(free-response	ηp2	=	.06,	F(1,	48)	=	2.87,	p	=	.10;	multiple-choice	,	ηp2	=	.05,	F(1,	48)	=	2.29,	
p	=	.14).		
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3.3		Experiment	2:	D-KEFS	Proverbs	 	
	 Descriptive	statistics	for	all	D-KEFS	Proverbs	measures	for	each	group	are	presented	in	Table	3	and	results	of	univariate	ANOVAs	comparing	groups	are	presented	in	Table	4.		Separate	univariate	ANCOVAs	were	run	to	assess	group	differences	in	performance	on	the	free-response	and	multiple-choice	tasks	using	raw	scores	and	age	as	a	covariate.	The	AgCC	group	performed	more	poorly	than	the	control	group	on	the	free-response	total	score,	but	the	groups	did	not	differ	on	multiple-choice	total	score.	The	multiple-choice	data	was	not	normally	distributed,	so	it	was	also	tested	using		Kruskal-Wallis	test	which	was	also	not	significant.	Since	no	group	differences	were	observed	on	the	multiple-choice	task,	no	additional	analyses	were	warranted	on	these	subtest	scores.			 As	can	be	seen	in	Table	4,	follow-up	analyses	of	free-response	sub-scores	indicated	that	the	AgCC	group	provided	both	less	accurate	and	less	abstract	responses	relative	to	the	controls.	The	effect	of	the	commonness	of	proverbs	on	group	differences	was	tested	using	a	repeated-measures	ANOVA	(group-by-common	vs.	uncommon).	There	was,	however,	no	overall	effect	for	the	commonness	of	proverbs,	ηp2	=	.02,	F(1,	33)	=	0.55,	p	=	.46,	and	no	group-by-commonness	interaction,	ηp2	=	.01,	F(1,	33)	=	0.46,	p	=	.50.	
	 To	better	understand	the	overall	group	difference	on	the	free-responses	task,	post-hoc	analyses	were	conducted	using	additional	covariates.	The	group	difference	remained	when	controlling	for	the	effect	of	overall	verbal	comprehension	skills	(VCI),	although	the	effect	size	decreased	from	ηp2	=.42	to	ηp2	=.29.		When	controlling	
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for	either	literal	or	nonliteral	subscales	of	the	FANL-C,	the	group	difference	remained	with	minimal	change	in	effect	size.			 Post-hoc	analyses	with	the	covariates	were	also	conducted	with	respect	to	the	accuracy	and	abstraction	measures	of	the	free-responses.	The	group	effect	for	accuracy	remained	but	with	a	reduced	effect	size	(from	ηp2	=.43	to	ηp2	=.30)	when	controlling	for	VCI,	while	group	difference	were	minimally	impacted	by	covarying	literal	and	non-literal	language	comprehension	as	measured	by	the	FANL-C.		Likewise,	group	differences	on	abstraction	scores	from	the	free-response	subtest	remained	significant	with	reduced	effect	size	(from	ηp2	=.27	to	ηp2	=.13)	when	controlling	for	VCI,	but	controlling	for	literal	and	non-literal	language	comprehension	had	minimal	impact	on	the	group	difference.			
4		Discussion		 Results	of	these	studies	support	the	hypothesis	that	callosal	disconnection	throughout	development	interferes	with	second-order	language	interpretation	in	adulthood.	Specifically,	our	findings	in	the	free	response	format	of	both	tests	provide	further	evidence	that	individuals	with	AgCC	have	reduced	capacity	to	generate	accurate	interpretations	of	proverbs,	and	inconsistent	outcomes	across	the	two	measures	in	the	multiple	choice	format	suggests	that	other	factors	may	influence	the	degree	to	which	individuals	benefit	from	presentation	of	alternative	interpretations,	including	differences	in	the	nature	of	the	proverbs	used.		In	the	course	of	natural	communication,	listeners	must	be	able	to	rapidly	generate	mental	interpretations	of	formulaic	language	forms	such	as	idioms,	
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metaphors,	and	proverbs	in	order	to	comprehend	a	speaker’s	message.		Although	social	communication	does	not	typically	require	a	listener	to	generate	and	orally	present	an	interpretation,	as	is	required	in	the	free	response	tasks	reported	herein,	it	is	nevertheless	reasonable	to	say	that	the	free	response	task	offers	an	approximation	of	the	cognitive	requirements	involved	in	naturalistic	proverb	interpretation.		In	providing	alternatives	from	which	to	choose,	the	multiple	choice	format	removes	one	fundamental	requirement	of	proverb	use	in	natural	communication	–	the	independent	imagination	of	a	meaning.	Although	questions	remain	regarding	variation	in	multiple-choice	performance	in	this	research,	our	findings	offer	consistent	and	robust	evidence	that	individuals	with	AgCC	have	impairments	in	proverb	interpretation	relevant	to	common	social	interaction.		
4.1	Free	Response	versus	Multiple	Choice	While	the	results	of	the	free-response	versions	of	both	proverbs	tests	were	consistent	in	revealing	a	deficit	in	the	performance	of	individuals	with	AgCC	(Gorham,	ηp2	=	.13;	D-KEFS,	ηp2	=	.42).	Generally,	the	free	responses	given	by	individuals	with	AgCC	were	concrete	restatements	of	the	elements	in	the	proverb.		For	example,	in	response	to	the	proverb	“Rome	wasn’t	built	in	a	day”,	one	individual	responded,	“It	took	a	long	time	to	build	the	city”;	or	to	the	proverb,	“A	stream	cannot	rise	higher	than	its	source”	the	response	was	given	“Water	can’t	go	any	higher.”		However,	on	the	multiple-choice	tasks	the	AgCC	group	performed	significantly	more	poorly	than	controls	on	the	Gorham	test,	but	not	on	the	D-KEFS	test	(Gorham,	ηp2	=	.13;	D-KEFS,	ηp2	=	.04).	Thus,	the	current	results	on	the	Gorham	Test	are	consistent	with	previously	reported	findings	using	this	test	in	a	smaller	sample	(Paul	et	al.,	
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2003)	in	that	poorer	performance	was	found	in	the	AgCC	group	compared	to	controls	on	both	response	formats,	with	a	non-significant	group-by-format	interaction	(10	AgCC	participants	overlapped	with	the	current	sample).		In	contrast,	the	current	D-KEFS	outcome	(Experiment	2)	was	not	consistent	with	either	the	Gorham	outcome	(Experiment	1),	or	with	the	previous	findings:	the	AgCC	group	performed	more	poorly	than	controls	on	free-response	format,	but	not	on	multiple-choice.		Difference	in	outcome	on	the	multiple	choice	tasks	may	be	explained,	at	least	in	part,	by	task	differences	that	are	particularly	salient	for	individuals	with	AgCC.		As	described	previously,	because	individuals	with	AgCC	appear	to	have	limited	cognitive	resources	available	for	any	given	task,	their	performance	is	more	markedly	impacted	by	increased	task	novelty	and	complexity	such	as	are	evident	in	the	Gorham	test		compared	to	the	D-KEFS	(Brown	&	Paul,	2000;	Paul	et	al.,	2007).	First,	the	Gorham	multiple	choice	task	includes	many	more	items	(40	versus	8	in	the	D-KEFS),	and	thus	is	more	likely	to	include	proverbs	that	are	novel	to	the	participant	and	complex	to	interpret.	Novelty	of	D-KEFS	multiple	choice	items	is	also	reduced	by	using	the	same	8	items	in	both	subtests.		Thus,	administration	of	the	D-KEFS	free	response	task	provides	participants	with	immediately	preceding	exposure	to,	and	opportunity	to	consider,	the	meaning	of	all	8	proverbs	prior	to	their	presentation	in	the	multiple-choice	format.	In	contrast,	the	Gorham	multiple-choice	task	presents	the	same	12	proverbs	used	in	free	response,	but	they	are	mixed	into	28	entirely	new	proverbs.	Second,	there	is	a	difference	in	the	multiple	choices	that	are	available	in	the	two	tests.		The	D-KEFS	choices	follow	a	pattern	of	accurate-
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and-abstract	(correct),	accurate-and-concrete,	related-but-not-relevant,	and	a	non-sequitur.	Gorham	options	do	not	offer	a	choice	that	is	a	non-sequitur.	In	addition,	the	Gorham	choices	offer	one	that	is	accurate	and	abstract	(correct),	two	that	are	concrete,	and	one	that	is	abstract	but	doesn’t	really	address	the	whole	proverb.	So,	the	choices	on	the	Gorham	are	also	more	challenging	with	respect	to	the	finer	discriminations	that	are	needed	to	discern	the	best	answer.			Finally,	the	Gorham	test	was	published	in	1956	and	includes	some	proverbs	that	are	no	longer	commonly	used.	As	such,	the	multiple-choice	task	would	be	more	cognitively	challenging	to	research	participants,	particularly	those	with	AgCC.		
4.2	Parsing	the	Deficit	in	AgCC			Post-hoc	analysis	of	the	sub-scores	available	in	the	D-KEFS	Proverbs	test	allowed	for	additional	investigation	into	outcomes	with	respect	to	accuracy,	abstraction,	and	proverb	familiarity.	The	DKEFS	attempts	to	address	the	issue	of	proverb	familiarity	by	providing	sub-scores	for	common	and	uncommon	proverbs.	The	common	sub-score	is	comprised	of	five	proverbs	that	the	examinee	is	expected	to	be	familiar	with	from	past	experience,	whereas	the	uncommon	score	is	based	on	three	proverbs	that	are	not	as	likely	to	have	been	encountered	before.	In	the	current	study,	this	factor	did	not	impact	group	differences.		Both	groups	were	similarly	impacted	by	less	common	proverbs	in	the	free	response	version,	but	commonness	had	no	impact	on	either	group	in	the	multiple	choice	format.	Nevertheless,	having	encountered	the	same	proverbs	earlier	in	the	test	itself	(i.e.,	within	the	free-response	version)	may	have	contributed	to	normalizing	the	performance	of	individuals	with	AgCC	in	the	multiple-choice	version	of	the	D-KEFS	test.		Given	that	
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the	D-KEFS	uses	only	3	uncommon	proverbs,	the	question	regarding	the	impact	of	proverb	familiarity	remains	uncertain.		As	argued	above,	the	presence	of	a	greater	number	of	proverbs	in	the	multiple	choice	version	of	the	Gorham	suggests	that	lack	of	familiarity	with	many	of	these	proverbs	may	nevertheless	have	had	some	impact.		Sub-scores	derived	from	the	D-KEFS	Proverbs	test	also	provided	the	opportunity	to	isolate	particular	sources	of	difficulty.	The	abstraction	subscale	of	the	free-response	format	measures	the	ability	of	the	examinee	to	generate	an	unaided	response	that	is	sufficiently	abstract	to	have	broad	situational	applicability.	A	high	score	on	accuracy	with	a	low	score	on	abstraction	suggests	adequate	understanding	of	the	basic	semantic	relationships	between	the	elements	of	the	proverb,	but	a	deficiency	in	the	ability	to	comprehend	and/or	use	language	beyond	a	concrete	level	(Delis	et	al.,	2001).	Significantly	low	scores	in	both	accuracy	and	abstraction	suggest	difficulty	in	comprehending	both	basic	semantic	relationships	and	in	generating	abstract	(second-order)	interpretations	of	proverbs.	In	the	current	study,	both	the	accuracy	and	the	abstraction	scores	showed	robust	group	differences	(ηp2	=	.43	and	ηp2	=	.27,	respectively),	albeit	based	on	a	small	number	of	proverbs.		To	address	the	possibility	that	basic	language	skills	may	account	for	group	differences	in	proverb	interpretation,	comparisons	of	AgCC	and	control	groups	were	reanalyzed	with	addition	of	two	measures	of	basic	language	capacities	–	VCI	and	scores	on	the	comprehension	of	literal	language	statements	from	the	FANL-C.	Covarying	VCI	increased	effect	size	of	group	differences	on	both	formats	of	the	Gorham	Proverb	test	by	~100%,	indicating	that	group	differences	in	proverb	
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comprehension	were	actually	obscured	to	some	degree	by	variance	created	by	basic	verbal	capacities.	However,	on	the	D-KEFS	free-response,	covarying	VCI	actually	decreased	the	effect	size	by	31%	but	the	group	difference	remained	significant	(Table	4).	Variance	related	to	basic	literal	language	comprehension	on	the	FANL-C	did	not	account	for	the	group	differences	in	proverb	interpretation	on	either	task.		Thus,	it	appears	that	impaired	proverb	comprehension	in	AgCC	is	not	simply	a	consequence	of	impairment	in	more	general	verbal	skills	or	literal	language	comprehension.				 In	a	previous	study	of	humor	comprehension	in	individuals	with	AgCC	(Brown,	Paul,	et	al.,	2005)	we	found	that	group	differences	in	humor	were	markedly	diminished	when	covarying	either	scores	on	the	non-literal	subtest	of	the	FANL-C	or	scores	on	the	Gorham	Proverbs	test	–	that	is,	deficiencies	in	the	comprehension	of	humor,	proverbs,	and	non-literal	language	were	highly	correlated.	We	interpreted	these	findings	as	suggesting	that	individuals	with	AgCC	have	difficulty	with	the	comprehension	of	the	second-order	meanings	of	statements	as	demanded	by	all	three	tests.			In	the	current	studies,	the	AgCC	group	had	significantly	lower	scores	than	the	controls	on	the	non-literal	subtest	of	the	FANL-C	(Experiment	1	η2p	=	.23;	Experiment	2	η2p	=	.08),	consistent	with	results	reported	previously	(Paul	et	al.,	2003).	Covarying	this	score	in	Experiment	1	reduced	the	effect	size	for	both	the	free	response	and	multiple	choice	tests	by	half,	and	eliminated	the	significant	difference	between	groups	(Table	4).		In	contrast,	covarying	FANL-C	non-literal	language	scores	had	minimal	impact	on	the	significant	group	difference	for	D-KEFS	free-
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response	scores	(Table	4).	This	suggests	that	group	differences	on	the	Gorham	are	closely	related	to	skills	in	non-literal	language	comprehension,	but	non-literal	language	comprehension	does	not	account	for	difference	on	D-KEFS	proverb	interpretation.		This	outcome	supports	the	notion	that	there	is	some	difference	between	these	proverb	interpretation	tests	in	their	cognitive	demands.	Perhaps	more	familiar	proverbs	have	meanings	available	on	a	more	rote	and	immediate	basis,	whereas	less	familiar	proverbs	(more	likely	to	be	encountered	in	the	older	Gorham	test,	particularly	with	the	large	number	of	items	in	the	multiple	choice	test)	would	require	generation	of	novel,	on-the-spot	non-literal	language	interpretations	–	more	similar	to	the	cognitive	demands	created	by	humor,	for	example.		Nippold	and	Rudzinski	(1993)	argue	that	metaphorical	language	that	has	been	conventionalized	(idioms	and	common	proverbs)	is	stored	in	memory	as	a	whole,	with	associated	meanings,	whereas	unfamiliar	metaphorical	language	(particularly	uncommon	proverbs)	requires	the	reader	to	derive	meaning	from	individual	words	and	context	and	therefore	utilize	more	cognitive	resources.	
	4.3		Callosal	Function	and	Proverb	Comprehension		 There	are	two	perspectives	from	which	to	explain	deficient	performance	in	proverb	interpretation	in	individuals	with	AgCC	on	these	proverbs	tasks,	and	thus	to	understand	the	contribution	of	the	corpus	callosum	to	this	capacity:	hemispheric	specialization	and	processing	resource	limitations.		These	are	complimentary	perspectives	on	this	relationship,	not	contradictory	alternatives.	From	the	point	of	view	of	hemispheric	specialization,	the	theory	is	that	absence	of	the	corpus	callosum	disconnects	hemispherically	lateralized	processors	
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that	contribute	to	proverb	interpretation.	The	dominant	role	of	the	left	hemisphere	in	language	has	been	relatively	clear	for	many	decades,	while	more	recent	research	highlights	right-hemisphere	contributions	to	semantic	and	paralinguistic	aspects	of	language	(Van	Lanker	Sidtis	&	Postman,	2006).		The	role	of	the	RH	in	non-literal	language	comprehension	is	likely	subtle	(Van	Lancker	Sidtis,	2006).	Various	studies	have	shown	that	individuals	with	right-	or	left-hemisphere	damage	may	achieve	similar	scores	on	particular	neuropsychological	tasks	but	use	distinctive	strategies	to	achieve	the	end	goal	(Bever,	1975;	Bogen,	1969;	Martin,	1979;	van	Lancker	&	Sidtis,	1992).	The	left	hemisphere	may	be	able	to	do	most	of	the	work	that	is	involved	in	comprehending	and	generating	verbal	information,	but	it	seems	clear	that	the	right	hemisphere	plays	an	essential	role	in	a	variety	of	forms	of	verbal	communication,	not	least	of	which	involves	processing	non-literal	language	(Joanette,	Goulet,	Hannequin,	&	Boeglin,	1989;	Myers,	1998).		For	example,	patients	with	left-hemisphere	damage	may	have	preserved	use	of	formulaic	language,	including	proverbs	(Geschwind,	Quadfase,	&	Segarra,	1968;	Nakagawa	et	al.,	1993);	while	a	variety	of	forms	of	formulaic	language	have	been	found	to	be	impaired	in	right-hemisphere	damaged	patients	including	idioms	(Bryan,	1988;	Burgess	&	Chiarello,	1996),	metaphors	(Winner	&	Gardner,	1977),	indirect	requests	(Weylman,	Brownell,	Roman,	&	Gardner,	1989),	and	conversations	(Rehak,	Kaplan,	&	Gardner,	1992).	Individuals	with	right-hemisphere	damage	may	also	have	deficits	in	other	language-relevant	capacities	such	as	comprehending	emotional	meanings,	pragmatic	communication,	and	emotion	in	music	(Gardner,	Silverman,	Denes,	Semenza,	&	Rosenstiel,	1977;	
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Kaplan,	Brownell,	Jacobs,	&	Gardner,	1990;	Rehak	et	al.,	1992;	Winner	&	Gardner,	1977).		In	light	of	these	findings,	we	might	infer	that	interhemispheric	transfer	limitations	in	AgCC	decrease	availability	of	the	paralinguistic	information	processing	of	the	right	hemisphere	to	the	primary	language	areas	of	the	left	hemisphere	(Paul	et	al.,	2003).		From	the	perspective	processing	resources,	the	theory	here	focuses	on	the	role	of	the	corpus	callosum	in	marshaling	large	neural	networks	to	process	information	of	all	sorts.	As	information	processing	becomes	more	complex	and	novel,	there	is	greater	requirement	for	integrating	activity	of	multiple	neural	networks	and	the	contribution	of	callosal	connectivity	gets	more	significant.		Thus,	lack	of	callosal	interconnectivity	in	individuals	with	AgCC	would	reduce	the	availability	of	large-scale	interhemispheric	networks	that	might	otherwise	be	important	in	efficiently	and	quickly	addressing	particular	novel	and	complex	problems.		While	primary	language	processing,	once	it	becomes	habitual,	might	be	done	in	a	single	hemisphere,	contextually	dependent	alternative	meanings	or	novel	semantic	forms	(such	as	non-literal	language,	humor,	and	proverbs)	might	require	a	large	bi-hemispheric	network	for	rapid	and	efficient	processing	to	occur.	This	perspective	also	suggests	why	the	free-response	versions	of	the	proverbs	tests	(more	complex)	result	in	greater	deficits	among	individuals	with	AgCC	than	do	the	multiple-choice	version	of	the	D-KEFS	(less	complex	–	and	reduced	novelty	in	the	case	of	the	D-KEFS).	Consistent	with	this	notion,	Van	Lancker	Sidtis	(2006)	argued	
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that	it	takes	the	whole	brain	to	comprehend	and	generate	non-literal	language	efficiently.			
5	Conclusions	There	are	several	limitations	to	this	research	worth	noting.		Comparisons	between	the	multiple-choice	versions	of	the	Gorham	and	D-KEFS	did	not	allow	genuine	replication	since	the	multiple-choice	of	the	D-KEFS	reuses	proverbs	given	in	the	free-response	version.		In	addition,	the	subscales	of	the	D-KEFS	include	a	limited	number	of	proverbs	and	thus	some	indices	are	calculated	from	a	small	number	of	items.	The	free-response	format	of	the	D-KEFS	Proverbs	test	includes	just	eight	proverbs,	and	only	three	of	those	fall	into	the	uncommon	proverbs	category.	Thus,	the	common-uncommon	distinction	in	this	research	is	based	on	too	few	items	for	the	finding	to	be	considered	highly	robust.		Finally,	since	proverbs	are	culturally-dependent,	it	is	possible	that	items	in	the	Gorham	test	are	more	likely	to	be	unfamiliar	to	current	research	participants	than	items	from	the	more	recently	developed	D-KEFS.			Despite	these	limitations,	the	results	of	this	study	clearly	show	that	proverb	comprehension	is	diminished	in	individuals	with	AgCC	compared	to	their	peers.	The	difference	between	groups	was	greatest	when	encountering	proverbs	for	the	first	time	on	the	test	(i.e.,	both	forms	of	the	Gorham	test,	and	the	free	response	format	of	the	D-KEFS).		Further	work	is	necessary	in	order	to	characterize	the	impact	that	other	cognitive	impairments	outside	the	language	domain	in	AgCC,	particularly	in	executive	skills	and	generative/imaginative	capacities,	may	have	on	comprehension	
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of	second-order	meanings	of	proverbs	and	other	forms	of	non-literal	language.	Social	interactions	in	daily	life	pose	significant	challenges	for	persons	with	AgCC.		The	current	findings	describe	one	factor	which	may	contribute	to	such	challenges,	a	deficit	in	accurate,	spontaneous	interpretation	of	proverbs.		Proverbs	are	one	of	many	linguistic	forms	that	require	comprehension	of	second-order	meanings;	thus,	while	they	are	not	the	only	language	structure	which	pose	a	challenge	to	people	with	AgCC,	they	are	particularly	relevant	to	clarifying	misunderstandings	these	individuals	may	have	in	daily	communication.			
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